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1.0 INTRODUCTION

The Multi-Spectral Image Dissector Program was avggrded to ITT in October of 1968
for the purpose of evaluating the image dissector sensor for the Earth Resources program.
Attractive features of such a system were predicted from thc_;é performance of Image Dissector
Cameras oh Nimbué 3 and. 4 and on the ATS-3 Satellite. In the multi-spectral configuration,
a Sinéle image dissector tube, operating at its optimum resolution, includes three sampling
apertures and as‘sociate‘d spectral filters to permit continuous line scan of three sper;'tral
bands simultaneously. The use of such a system pro{rides high quality imagery from a system
having the inherent registration capacity made possible by a single optiés, tube, deflection
assembly, and housing. | The output from the system consists of three simultaneous channels
of image video, continuously recording the ground data on relatively low bandwidth tape
recorders for data storage and transmission.

In the performance of the contract two mo'déls_ of the camera system were constr.ucted;
a laboratory breadboard, followed by an Engineering Evaluation Model. A total of eight tubes
were constructed for the system. It is intefestin‘g to note that the first tube constructed
against the end specifications was successful in performance such that it was used in all .
following laboratory and field evaluations. Only two comblete tubes were constructed prior
to that to gain experience in multichannel techniques. Four single aperture tubes were purely
experimental to evaluate a unique method .of applying the speétral filters, and one tube for a

backup to the operational tube. The backup tube was also a sihgle tube order, resulting in a
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satisfactory operational sensor tube. The tube technology is shown to be practical and.

econbmical.

| A major activity of the study was the evaluation of th‘e;v potential results of the system.
~Since the sensitivity and signa1 characteristics of the sensor follov? calculated values very
éiosely, it was possible to apply a number of variabies to thé system and optimize a. éystem
configuration. Using contrast and reflectance data supplied by NASA, comparable to thqse
being used at the time by the studies on the Return Beam Vidicon System, we were able to
défine the ground resolution obtainable for low contrast definition features at fhe targete_d
signal to noise ratio of 1. 8; As shown later in the proper section, the system was considered
..able to meet the criteria and be highly competitive with the RBV system.

Promiéing results from the early study and breadboard activity led to the construction
of a fully operating system, including a camera of the general electrical design of an end
system, optics that had sufficient spectral and spatial frequency response, and a test bed that
would be capébie of demonstrating the sensor performance. Figure 1-1 .shows the Engineer-
ing Model Camera on the test bed, where a transparent scene or test pattern may be moved
past the light source and be detected ‘by the three simultanebus»line scans in.selected colors.
In addition to the sensor test bed, an image reproducer was constructed, having the capacity
to reconstruct full color i‘mages from the camera system. The sensor electronics contains
timing and control signals vxh.ich properly synchrorﬁze the color scanning and réproducing

process. The color image reproducer is shown in Figure 1-2.
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Again, the results from laboratory tests and evaluation of the resulting_imagery were
encoﬁraging. The imageé reproduced indicated a capabiiity for 200 foot elemental i'e'solution
from a 100 nautical mile swath, with a high degree of registration (within one element at the
edges of the scene) ‘un'der conditions of direct reproduction. No unusual techniques were
reqﬁi’red to registér the three color inputs. Thé first high q;xality color image was generated
in December of 1970. Copies of the scene were distributed to interested persons at NASA at
that time. A copy of that scene is given heré i.n Figure 1-3.

- From the -suéces'sful laboratory results, NASA requested'that furfhér tests using out-
" door scénes be considered. Rudimentary tests were performed at the ITT facility using a
simple nodding mirror. i.imitétio_ns in platform stabili’ty prevented high quality image genera-
tion, but the scheme did permit evaluation of the' system under ﬁxll sunlight conditions and the
opportunity to make use of spectral filters roughly matching thosé of the end requirement.
The extended red response of the sensor became .evident, and again permitted optimism in
the operai:ional capability of t;his system. Figure 1-4 is a scene at the ITT facility, using
these system cqmpbnénts. | |

By thié time it was evident that the system had promise as a botehtial spacec’raft
i_nStrument.. An opportunity for space flight program did not exist. However NASA became
aware of the availability of aircraft from the USAF at Rome Air Developméni: Center, Rome,
New York, and permitted ITT to work with RADC in the flight and evaluation of thé system.

An initjal program of flight on a low altitude aircraft was terminated when it was learned that
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s a hlgh altltude Jet alrcraft would become avallable. The camera unit was therefore modlfled

"to withstand a more' rugged environment and high altitudes. Two test fllghts in March of 1972
demonstrated system compatlblllty but indicated several areas. of needed attention. The
camera was reworked to lmprove its hlgh altitude capablhty, and had several other alteratlons.
’l‘he most sngnlﬁcant of these was the adaptatlon of a NASA supphed roll gyro to provide direct
_ compensatlon of the roll of the alrcraft into the ma.gnetlc deflection system of the camera.
‘In this way, the raw video from each color channel was already corrected for motlon of the
alrcraft and would need no added pre-processmg upon reproduction. The cooperatlon of the
USAF perSOnnel was exceptlonal and permltted the completlon of test flights in ‘June, 1972,
The results of these flights are only partly evaluated, and a small number of the potentlal .-
images -reproduced. These are desc_rLbed and shown in detail in a later section of the report.
- The evaluation of. the data and generation of imagery from the completed flights has been cur-
tailed. by the completlon of the program at this time. |

From the engineering and smentlﬁc studies and experlence performed to date on the
' Multl-Spectral Image Dissector Camera program we have demonstrated that the goals of the
system haVe been met as re.quired, _and that the technique has been proven theoretically
eapable o.f achievin’g the detection'of small low contrast ground targetsfrom the satellite
condltlons spemﬁed In addition, both the sensor tube and system have demonstrated a .
' hlstory of quality, reliability, and ruggedness that quallfy it for future explmtatlon as a

spaceborne or airborne system.,

Fort Wayne, indiana
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3.0 EQUIPMENT DESCRIPTION

2.1 General Description

"TheleQui:pment to be described in this final report wﬂl be that of the Engine'ering
vaaluation Model Camera as presently confi_gured for the airicraft' ﬂight tests. For this
.appl»icatiOn certain‘timing functions have bbe’en changed from -iﬁhat originally designed for the
evaluation model in order to better interface to the flight profile and instrumentation tape
recorder used for i m-ﬂiglxt data storage. Included in the airborne system are the camera unit,
camera control umt ‘camera power supply, gyro sensor unit gyro power supply, and instru-

- mentation tape recorder. Output from the three VLdeo channels are stored on three tracks
of the tape rec'order, while a data track records basic timing information, line synchronizing
signals and an arbitrary frame number virhich permits selection of data to be reproduced on film.
" The ground station equipment consists of a magnetic-_ tape reproducer and a color film |
recorder. The laboratory tests were performed with the camera operating directly into tlie
color film recorder. Our discussion of system design and performance will generally ignore
the tape inte.rfa.c.es until a description of the flight test program is given. Our general descrip-
tion of system ‘operation u/ill relate to the original intention of spacecraft operation, thereby
leading to the evaluation of performance in terms of a space platform. subsystem

The operation of the MSIDC may be compared fairly realistically to mechanically

scanned multi-lo'and instruments, since the general output is similar. The similarity' stops

there,‘ however, since the 'MSIDC is fully electronically scanned, with magnetic deflection

Fort Wayne, Indianu
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- fields moving an electron image across a sensing (electron image) plane in the same manner

that-an oscillating mirror would move an optical image across a sensing (optical image) plane.
For each s'pectral'band in the MSIDC we provide a color filter ahead of the photocathode and :

' a separate sensing aperture and electron multiplier at the electron 1mage plane. The number
of spectral bands is limited by the practical restrictions of spacmg of color filter strips and
internal aperture and electron multiplier structure s. The three bands selected proved to be o
no hlndrance, and can be expanded to more channels in future systems. |

The MSIDC camera would be mounted vertically in the spacecraft, With its scan axis

' orthogonal to.the line of flight. The electronic scan therefore causes each aperture to sample

a line of the "ea'trth"s surface on each scan. This is illustrated in Figure 2-1. Transmissive |

filters 4_are mounted ahead of a ﬁber optic Image Dissector Tube, with the optical scene

focussed on the fiber optic surface. Only thatispectral-information transmitted by the selected
filter reaches.the photocathode in a given area. This area is then scanned by the sampling
aperture for translation of the optical data to electronic signals. The selection of aperture
size determines the ground elemental »a‘re'a being sampled at any instant, and the combination
of sample size, spacecraft velocity, and swath width determine the scan rate required to
generate a contiguous image. These factors are examined in greater detail in a later section.
| As an electronically scanned' system iive recognize that the MSIDC has no moving parts.
The instantaneous action of the photocathode. makes shuttering unnecessary (sample time is

approximately 2 microseconds) and. all deﬂection is performed by magnetic fields. The wide
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dynamic range of the MSIDC (13 '\1 2 gréy shades)-makes an 1rié unnecessary, as was demon-

strated in the early flights of the Nimbus camera system. One factbr that must be considered
in detail is the inisré’gistration potentially caused by ‘spac'ecr‘faft motibn dgring the time differ-
ential between line scans of a given spot on thé edarth. With present spacecfaﬂ_: stabilitieé on
'the ordér-qf 0.005%/sec. this error is less than one-third el;meht. As demonstrated in the
aircraft test progfam,: a motibn'sensing gyro cépable of detecting movements of 1 arc s‘écond |
could be added to the system to compensate for such instabilitieé, permitting the use of the
MSIDC on less stable (and less 'costly)'s'paceéfaft.

2.2 Ca.méra Unit

The m'ulti-spéctral system copsists of two basic units. The camera unit and the color
film reproducer; .In the cémera ﬁrﬁt,_ we include the combination of op_tiCs, sensor tube, elec-
- tronic circuitry and all power supplies that would be required for the airborne or spa(;,eCraft
‘system. In thls description, we will discuss the camera unit in a cénﬂguration as it now
stands at the end of the pfogra;m with the unié in aircraft ﬂight status. ‘A block diagram of |
the camera unit is shown ig Figux_?e 2-2 axid shows the major components, of-the camera unit.
2.2.1 Time Ba‘se :

A crystal oscillator operating at 24.25 MHz provides a constant frequency time base
for all functioxis of'thé multi-spectral camera. Digital divider circuits reduce this basic
 timing signal to é. number 6f basic fre’quencie;s,’j selectable bj éwitch control. The digital

switching capability permits a selection of freque_néy control that allows deflection of the
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line scan over a very wide range from approximately four scans per second to 140 scans per

Secdn;i, maintaining thé number of li'ne elements per scan at a constant-6144. The.counting
syéteni ﬁiakes use of DTL logic and has been shown to be _veijy precise and highly stable.

The range of line scan rétes is désirable in that it covers all requirements from low f_requency‘
' scans for laboratory evaluation to the hlghest frequency reql;Lrement of the airborne applica-
tion. Outputs from the time base generator are used to actlvate the line scan clrcultry and
to prdvide the synchronizing signals for generation of line synchronization and frame apnota—
4 .t‘i.on.codes. The basic elemental frequendy waveform with thesé codes inserted are pfovided
;s a sebaré.te output from the camera unit and act as the synchronizing means for the repro—

ducing of the image;-y. |
2.2.2 Deflection

. A single set 6f deflection éoils are used in the muiti-spectfal camera. The coils are
driven from a feedback-type of current driver wherein the output current going through the
deflection coil is compared to the ihput voltage wavefofm of the .deflection driver. This input
voltage waveform in turn is generated by a digital to analog converter acting from thé time
base signal aﬁd a highly linear digital to analog' conyertef circuit. The deflection system is
capable of direct current céntrol such that a given step signal may be applied and the current
in the deflection circuit will be held at that level. This has shown to be a useful technique in
that individual -st-ep_ motions can be 'ap'plie‘d to the deflection circuitry for'deférmination éf

system stability and image resolution. Since the normal operation of the system is with a

* Fort Wayne, |ndiana
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continuihg scan the stair step wa_.véform generated by the digital to analog converter is

smoéthéd to 'réduce the sharp variation from digitai step to t};e next digital step. A highly
étable 'and accurate waveform is therefore generated. - |

In addiﬁon to .the ramp deflection signal, additional 'si_gnals are generated to insure
a ﬁighly accurate deﬂecéion chafacteristic. A dynamié _signél isvgeneratgd for the correction
of S distortion ét the extremities of the‘deﬂection waveform. This sinall correction is
“applied to.‘th'e> vertical deﬂectipn driver. The combination of a digital to analog conversion
process and thé application of the S distortion' correction signal provides a highly linéar
deflection characteristic. This system has been very Successful .in its reliability and stability.
2.2.3 Focus_

A focus cu_rrent regulator is used to maintain a highly stable magnetic field for the
image dissector tube. A focus current regulator provides approximately 290 milliamperes
continuous current t6 thé solenoidal focus coil. This is Sufﬁcient to provide a magnetic field
‘which causes the electron -vimage to be focusséd at the Second nbde. U.nder thesé conditions
we have found less than 10% aegradation in fesolution at the edge of t;he imége with respect to
the center. In addition to the continubus DC cufrent applied to the focus coil, a dynamic focus
waveform source is included that has the capability of providing selected amounts of current
for aiding or deterring thé focus curfent at either edge of the image. - This dynamic focus
- current adjustmeht is normally made only during the initial aligmnent of the camera system.
We have found t_hat_.once adjusted, the electrical focus of the camera seldom needs to be

corrected.
Fort Wayne, indiana
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2.2.4 Tube Voltage Supplies

The photocathode of the image dissector operates at approx1mately 2400 volts negative
with respect to the output anode of the electron multlpller whlch is at ground potentlal This
'hlgh voltage is generated by a combination of two power supphes, each being an oscillator
and converter type power supply operating at a frequency of about 7 KHz. The 2400 volts :
are generated by the addition of an 1800 volt and ‘600 volt supplies. The output of each is
ﬁltered by a two stage RC and LC filter network.b The 2400 volts is applied to the photocathode |
" which is the first element of the 1mage section of the image dissector tube. The lmage sectlon
of the tube 1tself operates at 600 volts referenced to the photocathode potential. The 600 volt |
. ‘s‘upply is isolated from the 1800 volt supply except at the output. A voltage detection network
recognizes any variation in the 600 volt supply and feeds back a correction slgnal to the input
oscillator voltage source, thereby assuring a constant lmage section voltage under all condi-
tions of phOtocathode loading and any deviation in the high voltage supply. TFrom the 1800 volt
potential a series of reSLStlve.networks provide the voltages for each of the dynodes of the |
electron. multlpher that follows the sensing apertures. The three dynodes of each stage of
the electron rnultlpliers are tied together for the three apertures, therefore a single voltage
is supplied to the three dyhodes lmmediately following the aperture and a voltage of 150 volts
' separates that dynode from the next dynode in the string. Again the three second dynodes

are tied together and are connected to a common voltage point. This is continued for all of

the ten dynodes in the electron multiplier assembly. A current of approximately 1 milliampere

[Fort Wayne, Indiana
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flows through this dynode string which is sufficiently high to prevent deviation of dynode .

; ‘volta‘ges»caused by electron currents in the dynodes themselifes. The resistive divider for
the dynodes are assembled in a potted module hermetically sealed to the base of the image
dissector tube,‘ such that only the 2400 volt, the 1800 'volt and the 0 \}oltage lines corne from
the tube to the power supplies. In addition, a signal lead from each anode is brought out for

*the video from each of the electron multiplier strings. The development of the high voltage
‘supply and the floating regulated image section supply were. oerfonned as potential deSLgn
approaches for space flight operation. They have shown great promise in these stabllity and
regulation characteristics. In preparation for the aircraft flight, it was necessary to modify

’ ourvlaboratory'breadboard supplies in order to improve the voltage breakdown characteristics

under iow pressure conditions. Th'e‘ generous use of. solithane potting material and careful
attention. to connecting points and the_ high 'vol_tage leads were ahle to make the unit reliable
under conditions of 60,000 foot operation. A design of the _system for spaceflight use would

; have all of these components included in a package with complete encapsulation as was
accomplished in previous space progranis such that fully reliable operation could be obtained.

2.2.5 Video Amplifiers

From the three separate electron multiplier outputs we have ind.ividual low noise
preamplifier modules with feedback to provide a wide dynamic range. The preamplifiers
are adjusted for output relating to the photometric calibration of the inpnt for each color

channel. A video gain control is therefore included in each channel for this adjustment.

Fort Wayne, Indiana
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The operation of three ‘closely spaced electron multipliers causes a siight amount of cross-

talk between channels. In the bhysical éssembly‘of the apergﬁures and electron multiplier
stfucturesé_;ome electrons from the dynodes of one string te;}d to be picked up in the other
dynode strings. This signal is typically less than‘ 10% of the; .video from the initial dynode
string. In order to compensate for this cross talk a seﬁes éf cfoss coupled mixers are used
to provide a negative video signal from channel 2 to channel 1 aﬁd to channel 3. This has
" reduced the effective cross talk to less than 1% and makes thé effect of this charaétérisiic
'ne’gli};ible iﬁ the output of the caméra systems. The three channels of video are provided on
separate BNC connectors at the oui:put_: of the camera unit. In addition to the control for
nofmalizing the video otuputs a four ievel step function signal bis inserted in the video near
*the output of the system. This fo@'r step gray level signal brovides an internal test signal
which permits adjustment of the image reproducing equipment so that when recording an

image having unknown color content, the output from the system will faithfully reproduce

the color characteristics of the scene.

| 2.2.6 Line Scan Synchronizing
As described earlier, the digital timé f;;ise is derived from a master clock signal
through a serigs of dividers from _thch a given line rate is selected by the operator before
ﬂight.. Once this line rate is selected, a specific number of diéital pulses are generated
gduring each line interval. A counter system recognizes the beginﬁing of each line interval

and generates a string of five pulses having an amplitude 50% greatér than the time base.

Fort Wayne, |ndiana
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These pulses'_ are then recognized in the reproducer unit and are able to precisely synchronize

the scan of the film reproducing unit. The string of pulses (6,144 total) during each line scan
“are outputed on a fourth RF to the fourth track of the tape recorder. Since all apertures are
affected by the same magnetic scan there needs to be only one line synchronizing signal and

one set of time base pulses.

.2. 2.7 Frame Annotation
On tﬁe same pulse string and occurring during the horizontal retrace interval a framé

code is included in the pulse train on the fourth output tr;ack. The frame annotation signal is
" a binary coded decimal signal that f_ollows the line synchronizing signal. The differe_nce be-
tween'the‘til.ne interval when one aperture use a specific point in an image to the time that
another aperture use that same point in an image is known, since it is a fixed physical
relationship there is a specific number of line scans in this interval. The frame annotation
signal is applied to eaCh line scan and occurs at a given point in time. Since the séanning of
the camera is continuous, there are no true frames thérefore an arbitrary number of 2048
line scans has béen selected at which time the frame annotation number increases by 1.

This means that in an image that might include 3000 lines of information, the beginning of

a frame might occur at 2/3 of a picture interval, permitting copy of overlapping scenes.

The frarhe annotatibn begins at the time that the camera is turned on. This means that the
fréme number itseif is an accurate indication of elapsed time, and may be used to defermine

scene location if the aircraft flight plan is known. The pilot may elect to turn off the tape

Fort Wayne, Indiana
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recorder over an area of poor visibility or undesirable targets but the camera and its frame

counter continue to run. When the tape recorder is again tu‘;';ned on the frame annotation may
indicate a number considerably higher than the last recordecl, frame. This Ais not detrimental
to operation and in fact is often useful in the recoghition of tl;;e time of exposure of a given
area image. During film reproductiori, the reproducer unit starlts at the beginning of a frame
and continues until the film carriag*e is stopped. This system has been very successful and

contributed to the geheration of good output from the system.

2,2.8 Roll Sense Gyro

| A highly useful and successful addition to the multi-spectral camera was provided by
NASA's gyro unit which sensed the motion of the aircraft during camera operation. The out-
put from the gyro unit was fed to fhe input to the horizontal deflection amplifier such that roll
of the aircraft was immediately compensated for by an opposite deflection of the magnetic
field. The image as seen at the aperture plate moves from side to side keeping the center
of thé image always related to the local vertical; It may be recognized that under conditions
of extremé roll, that the edge qf the optical image on the photocathode might be detected in
the scanning of the electron image. This is apparent in some of our imagery, however, in
general with the aircraft that was available, the roll seldom exceeded 2 degrees and did not
cause this characterisfic. One of the characteristics of the roll gyro is an automatic caging
cycle such that when the gyro senses an offset of one degree that it automatically returns

to a centered position. In some of the imagery this occurred at a time when an important
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target was in the scene. A different design having a drift correction signal will reduce this

effect in the future and permit continuods image generatioh. As an experimental system this
roll sense gyre and the automatic motion stabilization were highly successful and indicate a
very useful tool for both v_aircraft and spacecraft use. The 'pgrticular unit supplied by NASA
is .capable of sensing motions of 1 second ef arc of the caméra systern. _ Therefore, it ie
applicable even to a satellife -situatiorr where the roll of the satellite coqld be corrected.
2. 2 9 Optics |

| The lens for spacecraft applicétion requires 8.68 inch focal length, a low f number
(T 1.2 essumed), and full color spéctrﬂal response.

The lens procured for the evaluation program was not intended to be fully useful for

a satellite type .operation or even nece_ssarily capable of fully exercising the image dissector
caihera. A high qual'i'ty lens from Bendix Optical Division, model 502, having 4 inch focal
length and an aperture of .95 was obtaihed.' This lens is corrected for spectral response
from 400 io 900 nanometers end was used for mﬁch of the laboratory testihg and for tﬁe flight
test. This lens had many of the features desired, however it was not designed for the width
of ixﬁage plape that we had with the image dissector ce,rnera. The vignetting from the lens
causes a reduction of light input of over 50% at the edges of our scan. This was very
apparent in fhe flight teste and caused considerable difficulty in trying to match the color
content of imagery from the several chanr;els; In the r.epreducing of the final imagery, as

shown in the early section, a dynamic video gain control was included in each video channel

Fort Wayne, !ndiana

2-13



JOICE

such that shading effect was neutralized, however recognizing that the noise content is higher

at the picture edges than at the center, é,nd that the conftrast pf the imagery is reduced. This
would not occur with an optic .systeAm designed to a full camei'a specification. The use of a
low f numberA optic syétem requirés special care and focus aﬁjushnent and then a compensatioﬁ
for a difference in air 'dénsity in the laboratory compared to 'i:hat in aircraft high .altitudg, and
certainly ét spacecraft altitudes. In our case, We calculated this difference and adjusted the
optids mount to the calculated position When the system was installed in the aircraft. The
results from the combihe_d system indicated that there was no resolution change in the flight
system.

2.2.10 Spectral Filters

The filters used in the evaluation system were ordered to match rather closely the
spectral ranges of the return beam vidicon program for the Earth R_esoﬁrces Satellite. An
assembly contained three strip filters in the spectral band of 475 to 580, 580 to 680, and ‘
690 to 930 nanometers. These filters are deposited filters on glass substrate. The first
filter in line in the direction of flight motion is the low band (green) filter. The second, or
center filter, is the central band (red) and i:he lower filter is the far red band filter. Since
the apert_u're separation in the image dissector tube is 0.083 inches the central filter was
made 0.085 inches 5y 1.75 inches; while the other two filters are 0.75 inches by 1.75 inéhes
with masking to prevent any transmission outside an area 0.25 inches wide. The filter sur-.

face is mounted on a glass substrate which is held approximately 0.020 inches away from

Fort Wayne, Indiana
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the fiber optic faceplate of the image dissector tube. The characteristics of the three filters

are shown in Figure 2-3. The efficiency of these filters and: the stability indicaie successful
techniques and would likely be the method used in the space é}pplication. A sécond set of
filters were procured and used for Iaboi'atory tests in the noﬁnal visible specfral bands
centered on 450, 550 and 650 nanometers. Imagery frém these filters are comparable to
normal color photography. there were no flight tests made with this filter combination.
~2.2.11  Sensor Tube

The sensor tube used in the multi-spectral camera is an ITT F4082 with fiber optic
faceplate and S25 photocathode and tilree apertures. The tube is 2.25 inches diameter and
11.75 inches loﬁg,‘ and is shown in Fiéure 2-4. The tube serial No. 037001 was used in the
final evaluaf:ion tests in the laboratory and was uéed in the flight testing from the aircraft.
An unfortunate accident 'o,ccux-'r.ed when afte‘r the first flight test the camera was shipped
back to iTT for modification and the tube was damaged in the process. The accelerating
screen support ring had been dislodged, a laser welding process was successfully used to
remount the ring. HoweVér, wﬁen this occurred, the laser energy apparently caused a
localized degradation of red response. This effectsis noted in the final flight test imagery.
The tube is mounted ‘ﬁrmly in the camera unit, with an encapsulated divider assembly
attached to the base of the tube. The deflection and focus coil assembly mount solidly to
a base plate which is the mounting plate for the camera unit. The aperture size in the

sensor tube is 15 micron diameter or 0.0006 inches. The three apertures are spaced

Fort Wayne, Indiana
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©0.083 inches apart and are in front of a triple electron multiplier assembly having bucket type

'dynodes which are'd. 125 inches across. Itis evident then that with the center aperture in the
center'of the first dynode that the other two apertures are sl4itght1y offcentered- in their respec-
twe dynodes.. ThlS has not caused a mgmficant problem in sugnal shading. It is antlclpated
that future tube deSLgns will have changes or lmprovements to reduce signal crosstalk between
: dynode strlngs and possible dlfferent configurations in terms of aperture separatlon. )

2.2.12 Configuration

The camera unit 1s contained within a box 9 x 9 x 18 inches not including the lens which
is apprommately 6 inches dla;meter and 6 inches long. In addttion brackets were added at the
revar of the camera umt to mount the gyro assembly making a total package conﬁguratlon 26.5
tnches long. .<_Th'e weight of the camera unit itself is _approx1mately 55 lbs. In addltlon to the
former u'nit‘, a caznera contiol unit contains .the power supplies and the oscil_lator time base
unit. A socond container includes the power suppty and ampli'fiers for the gyro unit. The
: systern'interconnection frorn the gyro 'unit goes back to the camera control unit where the gyro
signal is inserted in the deﬂection sighal as applied to the deflection drivers. The weight of
' the compl.eteairbor.n'e systexn is 95 pounds and consumes approximately 165 watts from a
120 volt, 60 to 400 cycle aircraift supply.

2.3 Color Film Recording Unit

A .labOratory film recording unit has the means of reproducing color vseparation or .

multi—c_olor separation or multi-color positives or negatives for evaluating the system.

Fort Wayne, Indiana -
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: This piece of special test equipment provides imagery- whieh demonstrates the resolution,

color.fidelity, 'Van'd re‘glstration of the system. The color video data from .the camera unit. |
~and the timing sync line one processed to apply the video to a hlgh resolution line scan cathode
- ray tube. The CRT is liné schnned sequentlally for the three color mputs. The vertical posi-
' tlon of the line scan is offset to a distance equlvalent to the separatlon of the apertures in the |
vcaimera'tube. Gelatin_ color filters are _inserted in front of a> film plane where each of the
lines will be fooussed ona color film. The color film in its mount is inoued' vertically‘ past

the line position. Figure 2-5 is a block diagram of the color film recorder unit.

2.3.1 CRT Recording System
| The:vldeo from eny, single color channel of the camera (or from a track of the tape

vrecorder) is applled through a single video amphfier to a hlgh resolutlon CRT (thton
L4238P24R). Thls CRT has an extinctlon resolution of over 4000 TV lmes, a P24 phosphor
and a w1de dyna;mlc range. The video. s1gna1 applied to the CRT is synchronized with the line |
scan controlled by the lnput timing pulses and line sync signals. The light output from the
phosphor is focussed through color filters to the film plane. A photomuiltiplier tube gathers
light from the face of the CRT and generates a video signal which is'o‘ompared to that being |
applied at the input to the CRT. This feedback system insures an accurate contrast range
and linearlty ofreproducthn over the'.complete scan on the CRT and in factgreatly'reduces

 the effect of blemishes and shading in the CRT. -

. Fort Wayne, Indiana
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2.3.2 Deflection Registration

The timing signals received from the camera unit are decoded to generate deﬂectipn
waveforms. The timing pulses are applied through digital to,: analog 'co_nverters and generate
a deflection in the. CRT which is i‘denticaill to that uséd by the camera unit. .Corrective circuits
are included in the deflection circuitry to offset any effects of pincushion distortion at the edges
of the scan. The selection of color channel input, which is émanual control, determines which
of three vertical | positions the CRT li_ne scan will take. The offset is a set deflection voltég‘e,'
'héwever it has é sebarate correction signal for each of the three color scan positions. In
order to record three cqlor imagery it is therefore nécessary to i'ecord an image in one color,
replay the tape or rerun the test farget past the camera and record the oi:her images in sequence.
- The .system operates equally well in line sequential mode and was used in this _mode}_for many

lab tests.

2.3.3 Film Holder Assembly

Since the CRT is fixed in position and line scans through color filters to a film plane
it is necessary. to move the film vertically p.ast.these positions irlx order to make a‘complete
image record. The film motion assembly is a highly precise unit with a worm gear aséembly
" driven by a stepper motor. The stepper motor itself is in turn driven from the oscillator or
'fhe timiﬁg signal that Qohtrols the camera scan. Therefore both the film motion and the CRT
deflection are in perfect synchronism. The film assembly can be mqved and reset for the
start of a second overlay recordingvto an accuracy of less than 1 resolution element,

permitting the recording of three colors.
Fort Wayne, Indiana
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2.3.4 Timing System

The photo recording syStem isa sléve to the incdming timing signal. The fréme
' annbtation signal is recognized by a preset code that is set up by thumbwheel switches. The
beg’inninglof a new frame nﬁm‘ber will cause the film motion assembly to start and will con- .
| .tinue the frame and line synchronized image generation @tii a stop signal is recognized ffom
the‘.ﬁ‘lm motion assembly.

2.3.5 Self Test Features

Included in the color.film récording unit ére self test feétures which permit the appli-
cation of square waves or g'ray scale patterns to the CRT, such that the linearity of any one
color channel may be tested and the registration of all three colors may be tested and demon-

strated. From this it has been shown that the system is capable of a resolution.of 4000 TV,
Lines, and a cqlof registration of 1 part in 2000.

.2.3.6 Configuration

The color film recqrding unit is mounted in a self contained double size rack with
the CRT mounted horizontally on top of the cabinet and the film assembly opén where a film
pack may be inserted permitting the use of a number of different typés of film.

See Figure 1-2.

Fort Wayne, Indiana '
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3.0 SYSTEM EVALUATION, ANALYTICAL
| A major effort during the development of the in.ulti-s;pectr‘al ca:rnere was the analytical
study of a system configuration that might meet the requirements of the Im aging System forv
.the Eerth Resoufces Technblogy Satellite. In the application of the .image dissector camera
'ther.e are enough variables that a given selection of system c@ponents and operating mode
| ~ may be found b'ptimuzh for a given set of requirements. Figure 3-1 depicts the major system
| coinponent's and the major considefations for each. The system baselineis giveh in Tabie- 3—1.
The eppro'ach used by ITT to determine the ability to meet the base line requirements .
was‘to estéb_lish the basis of detection of sméll, low contrast elements. The series of studies ,
ﬁherefore_ include a definition of contrast, the detection of low contrast scene elements in the

presence of modulation characteristics of optics and sensor tube, and the effects of noise in

the system.
3.1 Optics

The use of a Single lens for the multi-spectral system will eennit the application of a
large aperture lens, with a speeial requirement for high resolution across the image surface
of 1,75 inches (45 nem), and broad spectral response (480 to 950 n meters). Proposals from
several leading optical cofnpanies were received. A selected lens hes the resolution (MTF)
response shown in Figure 3-2. The lens aperi:ure of f/1 to T/1.2 is predicted from the same

proposal .

" Fort Wayne, Indiana
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Table 3-1. System Baseline

Spacecraft Altitude , - 496 nmiles

Ground Velocity 21,2 x 103 ft/sec
Field of View o o 100 nautical miles
Solar Zenith Angle o ee° |
Atmospheric Attenuation | ‘ 3 air masses

Channel Radiance per spectral band

470 to 576 nanometérs 0.85 mv/mnz/éter _
580 to 680 - o . , 0.85
690 to 830 | N 1.36
Scene Contrést Ral;ios : o 6.3 to1,2to1, i.4 to 1
Detectable ﬁ(}round Detail Smaliest Possible
‘Mi_nir'nux.n Acceptable Signal to Noise Ratio 1.8 |

. Fort Wayne, indiana
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3.2 Spectral Filters

The use of three strip'-color filters ahead .of the ﬁbér optic tube faceplaté is assumed
for the flight program. Transmissive type filters having half ampliéude_ pass bands from
475-575, 580-680, and 690-830 nanometers are considered. ;The spectral response character-

‘istics of the filters are assunié'd squarewave filters with 0.85 transmission. In later procure-
‘ment we foﬁnd théée to be conservé.tive numbers, with available 'ﬁl_ters' having higher trans-

mission than these estimates.

3.3  Sensor Tube

The. ima ge dissector tubé is the ITT type F4082 with three identical round sampling
apertures spaced un_iformly in a line orthogonal to the scan direction. The size of aperture
will be discussed later as one variable in the system. . The photocathode is an 525 phoio- ’
cathbde having a spectral response as shown in Figure 3-3.

The resolution of the tube is determined by aperture size, but we cannot assume» an
ideél condition. A measurement of‘ resolution for the tube used in the laboratory model
camera is shown in Figure 3-2. This is the response from a tube haﬁng sampling apertures
i5 microns diametér (0.0006 inches). The measﬁred response of this tube isbused in the
caiculations that follow.

3.4 Amplifier Response

The amplifief for image dissector cameras seldom contribute noise to the system,

since the gain of the photomultiplier is set to maintain the low light level signal above amplifier

Fort Wayne, |ndiana
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- input noise levels. The amplifier frequency responsei will have an effect on performélnce,

since the desired bandpass is one which éffecti'vely passes the highest sighal frequency content
but does not contribute spurious noise beyond that point. We assume a video amplifier with a
é db per octave drop and a 3 db loss at the highest frequency\; of interest. This is considered
in calculéting the true MTF of scene elements. A system MTF may be determined then using
the ampliﬁer, optics, and tube responses of the system. The combined response is shoWn in

" Figure 3-2. | | | |

3.5 Signal to Noise Predictions

'The output of the system with reference to the system baseline can best be described
as é sign.ﬁl—to—noiéé ratio. This measurement for the image dissector is the ratio of the signal
leVei from a given input radiance to the rms value of the.noise present in the signal‘c‘:hannel at
that time. In the_ absence of any background noise effects the noise level will increase as the
signal increases at a square root rélationShip. Three_lsources of background noise will be
considered negligible, these being thermal noise from the photocathode, 1eakage currents at
the anodé, and amplifier noise. The electron multipliers add noise which will be considered,
‘with a relationship tq the dynqde gain. A multiplying factor of 0.89 will be used to account
for this noise source. The effect of gt:mospheric backscatter will be considered in the
calculations when the effects of contrast ratio are iptroducéd. |

A low frequency (large.area) signal to no»ise ratio may bevcalc‘ulated from the data now

available. Originating with the sun's irradiance outside the earth's atmosphere Ho, we can
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progress through three earth masses (for a sun elevation angle of 60°) and arrive at an

irradiancg at the sensor photocathode. This is tabulated in ’:;.I:;'able 3-2 for eéch 10 n meter
~.increment, where Ho is.the seen irradiance outside the aMésphere, ﬁ3m is the equivalent
_irrédiance after reduction by atmdspheric ‘attenuation. The :;_1_'adiance of the earth is shown
_ in the fifth column. Usi;ig this radiance we can determine the irradiance on the photocathode
and calculate the current emitted from the photocathode. The intemediate steps include the
attenuation of the lens (T1.2) and the spectral ﬁlter transmission factor (0.85) which are
assumea constant in the band of interest. - The speétral response of the Iphotvocathode is_éhown,
and the resulting phbtocatho&e curréﬂt density is given in the final column.
Itis intereéting to nofe that the integrated radiance from the earth as calculated here
for the three bands (1.47, 1.54 and 1.83) é.re considerably dif__fefent than the number.s supplied
" by NASA (0.85, 0.85, 1.36) as given in Table 3-1. |
The NASA supplied numbers are considered realistic values for surface reflectances '
of 0.25, 0.30, and 0.50 and some a_tmospheric backsgatter. Althoﬁgh somewhat arbitrary,
these values will be used as our baseline for radiance in each chann_él. This results ina
typical eérth scene reflectance, low frequency photocathode current density of 14.8, 13,3,
and 10.3 microa.xﬁperes per square centimeter. |

Signal to noise ratio for an image dissector may be calculated from the current density
with an attenuation factor for accelerating screen mesh transmission, aperture area, and
sampling time interval. A factor for dynode noise must be included, and a factor for trans-

lating current to number of electrons completes the equation.

Fort Wayne, indiana
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_ Ime

. _ . Ve
(s/N)O = [ JK Iigi (G -1) J

e G
where- JK o= photocathode current density, 'amperes/cmz
K _ mesh transmiésion, typically 0.6
a = aperture area, cm2
t = sampling time interval, seconds
G = dynéde géih
e = electron charge, 1.6 x 10"'19
(S8/N)g = peak signal to noise ratio (high contrast)

For a system having 208 ft. ground resolution, the sample time per element is 2,91
microseconds.

The signal to noise ratio for large area high contrast images is therefore:

Band 1 - 470 - 570 n meters S/N = 15.3 or 23.6 db
2 580 - 680 n meters - 13.5 22.6db
3 690 - 830 n meters 12,8 22.1db

Table 3-3 indicates the calculated current densities and signal-to-noise ratio for each
of the conditions and presents an optional third channel which makes use of the extended réd

response of the S25 phdtocathodea
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3.6 Contrast Considerations

The previous description of s_ensitivity us.ed a NASA Ic;z_:aseline of earth illumination
that was thought tc be typical maximum scene reﬂectanCe and a reasonable amount of
atnics'pheric .b'ackscatter. Although these numbers may not prove accurate (our experience
from aircraft flight indiCates much less backscatter), we w111 use these radiance levels as
if they are the result of 100% contrast targets.

Smce the noise level of the image dissector I.S related to signal level, the noise '
consideration for scenes of low contrast become complicated-. Ia a low frequency signal of
amplitude A; the noisev is related to '\/T, hence the signal to noise is A/ VT = V—A—

If the. background level is A/C where C is the contrast ratio, the backgrcund noise is related
to. ’\/—m Now if the signal shifts from A to A/C on a cyclic basis (square wave of equal

duration) the average noise becomes

. - VA _«Na/c _ V& xfml)

2 2

The signal itself is (A - A/C) or .A_((Ci:l)_

For low frequency; cyclic variation of the signal we can relate signal to noise ratio

(%)c - (%)o v'%“ %VCT-lll)

where (S/N)o is the high contrast signal to noise ratio as described in Section 3.4.

to contrast.

Fort Wayne, Indiana
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‘'We can now tabulate the low frequency signal-to-noise ratios for the baseline contrast

numbers of 6.3, 2.0, 1.4 for the f:hree channels,

Contrast - Band1  Band2  Band 3

Stead.yvéi;ate 15.3 13.5 12.8  signal to noise in signal
6.3 o '18.2 16.2 15.3 bk/pk signal to ave noise
2 0 | 9.0 7.9 7.5 pk/pk 'signél to ave noise
1.4 4.5 4.0 3.8  pk/pk signal to ave noise

Note that for cyclic signals of relatively high contrast (6.3) the signal-to-noise ratio isihigher
than for tﬁe' steady state case. This is a charactefistic.of the image dissector with its steadily
decreasing noise at low signal levels, rather than a continuous background noise that would

need to be added to ail le\-rels‘ of signal, as in the case of the vidicon. This potential gain of 2

in si'gnél-to—noise ratio suggests that any filter combination that improves contrast may imprové

signal to noise ratio.

3.7 MTF Co‘nsiderétions
| The factors of optics, sensor, and amplifier fall off as a function of spatial frquency
may now be considered. The chart of Figure 3-2 gives the anticipated percent niodu_latim
with reference to TV Lines on the scan, and to ground resolution elements for the spacecraft
sy'sten.l.-. |
- The re.sult of increasing spatial frequency is shown in Figure 3-4, where the output

signal is a modulation e'nvelop‘é that converges on a grey level that is the sum of background

Fort Wayne, Indiana
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(A/C) and the average sxgnal 1/2 (A - A/C), or A (1/C +1/2 - 1/2C), which is A C+ 1>

- and at low MTF approaches this value. . The signal -to-noise" ratlo then becomes:

()
(S/N)f...:.t. (8/N)p MTF e

i . 2C

3.8 Limiting Resolution

The factors are all évailablé to determine the spatial frequency for a givensighal to
noise as a fﬁnction of radiance, system, and detection fa(_:tor's. A limiting signai to »noiée
| 1ev§1 of 1.8 has been given é.s a realistic minimum figure. Using this nﬁnber as (S/N)g we
- can determine the MTF required, and: from our chai;t »(Figure 3-2) determine the related .
spatial fre'quenéy. ’fhe tabulation is given in Table 3-4. |

" This chart indicates that in the region of interest at a contrast ratio of 2:1 the system

is capable of resol{ring ground ta.rgets of approxixha@ely 200 feet, and that the resolution of
the three spectral ba’.nds are nearly equal. |

3.9 Aperture Size Optimization

An early study in the program 'investigated the relationship of aperture size
(instantaneous field of' view) to detectability of very low contrast scenes. lAt that time, a
sﬁpposedly realistic set of figures were assumed for contrast of typiéal crops and back-

ground. These were:

Fort Wayne, Indiana

3-16



G423

88T

0% 010

19 ‘9g'0 | 612 6LL% 610
413 G3LT 9¢°0 LET 08S¢ ¥2°0 "661 SLOE . mﬁ..o.
08¢ SLIZ 0%*0 (494 G¢9% €2°0 961 00T1¢ ¢L°0
i 274 02%¢3 8€°0 NN.N 0€.73 0%°0 161 GLIE I1°0
199] auly osuodsoy EEET. PUITT osuodsoy | 1993 U] mmcoq.mom
- sjueweld paainbey SJUOWaY  paxinboy sjueweld  pexmboy
¥'I1=0 )

0°2=0

€°9=0

osuodsoy eaaure) ooedg pejEwWISH P-g¢ al1qe.lL.

S'91
8°21
G €1
m.mH
IﬂﬂZl\mvl.

oneY N/§
yead

0£6 ~ 069
088 - 069
089 - QLG

- 0LS - 0%

(sa9jourouru)

pued
Texyoadg

3-17



T

Band 1 o .Band 2 ‘ Band 3
Crop Reflectance, Ratio Reflectance, Ratio Reflectance, Ratio
Barley - 0.121 | 0.1512 | 0.201
| 1,70 : 1,70 1.29
Loam 0.071 | 0.0889 . 0.155
Healthy Barley 0.099 0.1143 o 0.1806 . .
1.19 1.00 1.15
‘Mildewed Barley 0.0833 0.1143 ©0.1570
 Pine 0.0902 0.0864 ©0.1848
o 1.08 1.13 . 1.36
Poplar 0.0833 0.0764 - 0.1358 -

A computer aided study ef verious IFOV values indicated that the gain in electron
4capture from a slightlsr larger aperture aided the sensitivity more than it degraded feeolving
power. This study supported the need to have a clear statement of System goals (low vs high
contrast imaging, and the requirement for -radiometfic measurement ve limiting detectability).
The systeni pefformance may be optimized by the selecﬁo;l'of apert.ure size for each spectral

band if required.

Fort Wayne, Indiana
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4.0 LABORATORY EVALUATION

Many of the results of laboratory tests and evalual:i(l)ni have been described as vpar,ts of
the' analytical and .system descr;lptions, so will not be repeated h‘er’e . We will describe some
of the methods used in t_:he laboratory and some of the result% not reported in detail in previous
sections. | | |

4.1 Laboratory Test Equipment

Thé prime equipmeht developed speéiﬁcally for the MSIDC is the optical bench te.st
sef shown in Figuré '1-1. This versatile system consists of a rugged table on which the eng‘i—
heering model cémera is mounted a fixed distance from the tesf scene. The camera iﬁcludes
the spectral filter unit and optics as they are uéed in flight.

The tést scene is mounted on a vertical frame that is moved across the detection path
at a rate correspénding to the rate of motion of a spacecraft or air(;raft. The timing of the
,fraxhe motion is controlled by the digital sysi;em that controls the camera scan, so that a
precise distance of ffame travel may be set for each line scan of the camera. This timing
signal is applied to a stepping motor that drives a high precision ball screw for the frame
motion. Typically fifteen steps of the stepping motor are .required to move the frame the
equivalent of one line in the scene. This has proven very successful in producing a smooth
reliablg motion for the test targets.

Thé_ frame is designed to hold transparencies as large as 18 by 18 inches, to cover

the full field of view (22°) of the test lens. It is not necessary to illuminate the complete area,

Fort Wavyne, indiana
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~ since the camera is fixed in position and line scans only an area approximately 1 inch by 18

inches. The frame motion is designed to move the complete test image past this lighted area.
The light source for the test stand consists of a line ‘array of quartz iodide iamps

driven by the 120 volt 60 cycle laboratory power source. This light source was aided by
reflectors that increase the equivalent source, and by a watéf chambér 'tl_lat filters the

| infrared (heat producing) energy beyond the 1000 nanometers spectrum. Since the camera is
focussed on the test object plé‘ne, the light source is out of focus, and can be adjtlxs_f.;ed: fbr‘.
écééptable uniformity across the line 3cana The choice of light source is a compr(vavise of
avaiiable sources, havfng an equivalent soﬁrce temperature of o,nljr ZOOOOK, compared to a .
desired terhperature of 5500°K for sun éimulation. The equivalent light level at the object

. pl#ne is a maximum of 2500 foot lambérts, ‘hence is approximately one fourth that of maxi-
mum earth illu;nihation. These factors must be considered in comparing laboratory to real
world imagery.

4.2 Laboratory Test Results

4.2.1 Resolution

The resolutioh of the system was tested and demonstrat;ed using a series of Air Force
Test Patterns aéross the test frame. The limiting fes;)lution under conditions of both high
and low contrast scenes, c§u1d be determined with this system. The fesults are shown here
fér on axis tests using AF1951 Resolutibn Targets, the Bendix 502 lens and sensor tube

'S/N 037001,

Fort Wayne, Indiana
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Response : _ Response at Elements/ Diémeter ,

Contrast 1778 1995 2257 '25??2 2840 - 3167
100t01 0.64 0.59 | 0.41 o.és - 0. 30 0.29
6.3t0 1 0.67 0.61 0.50 o.;%e 0.32  0.30
l.4to 1 0.56 0.59 - 0.50 041 0.29 0.24

This indicates the ability to meet the requirements of the ERlTS system requirement with at
least 24% response at the equivalent of 200 foot gfound elements. The'off axis tests were
~ not 'méaning‘ful at this time because of abefrations in the lens. It is considered that this
aberra.tion, is caused by.the short.lens to object distance (oniy 10X the focal length of the lens).
_Latér tests of the tube alone indicate off axis performance that is degraded onl_y' slightly from
fhat on center. A Schneider Xenotar lens, (100 mm, f 5.6) was found to have good off axis
resolution, and was used for ni,any bf the wide angle tests. The image of Figure 1-3.§vas
made using this lens. |
4,2,2 Régj stration

The ability to control test scene position to‘ less than one third resolution elemént,
and to control the rate of motion very accurately, allows imagery to be generated in ohe or
all colors. The most severe test of registration is the duplication of black and white tests
patterns through the color process. Evaluation of resultant imagery from the color r_ecorder
by me ans of a microscope indicate that a combined aberration and misregistration is approxi- -
mately one resolution element at the edges of the image. It may be noted in Figure 1-3 that

the color quality remains high at the edges of the scene.

Fort Wayne, Indiana

4-3



| 4.2.3 Sensitivigx

Laboratory evaluation of the sensitivity factors in the: system were made difficult by

© the factors of source teinperature,’ filter ché.racteristics of té;e heat shield, transmission
factors of the test :films used, and the characteristicé oj:‘ the :optics, color separation filters
'and phc;tocathode response.

Although the factors wére analyzed and a light source figure determined, it was not

“considered completely reliable. The method found most dependable was the use of measured
signal characteristics compared to tube sensitivity calibrations. The determination of photo-
cathode current dens_i-ty'g.ave an equivalent photometric measure of the input enérgy.r Mea-
surements of signal amplitude and noise content in video patterns cdrrélated well with these
calculations and were found to rélafe well to signal amplitudes resulting from actual sun
illuminated targeté and photometric measurement. A photocathode loéding of 9 microamperes/
cmz was the most that could be achieved with the laboratory system. This is approximately
half that expected frbm eaqh of the color channels in spaée flight conditions, see Table 3-2.
The laboratory generated color image of Figure 1-3 has a highlight signal to noise ratiq of

approximately 20 db.

4,3 Tube Development ' 2

The MSIDC program has been a continued progression of low budget tasks. Of these,
the development .of the tube was considered a major activity. The effort included several

phases; the construction of one experimental multi-channel tube to gain experience toward

Fort Wayne, Indiana
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later models, the construction of a tube having small dynode‘s} and a potentially useful configu—

ration, the construction of a final tube having a fiber optic fépe plate, and several experimental

"tubes having only one multiplier channel, but with experimexl;!:al spectral filters on the inner

surface of the faceplate. A tabulation of the tubes constructed is given in Table 4-1. The

small number of tubes constructed is obvious, and the ease @f construction is illustrated by

the fact that the final tube S/N 027201 was made from an earlier tube S/N 056902 which did

| not have the necessary fiber optic faceplate. To further iliustrate the reliability of the tube

process, the final tube was damaged in shipment, repaired by laser welding, then reinserted

in the flight model camera and used for the flight tests described in a later section. |

Serial.v No_.'
126801
056902
066901
126901
126902
126903
126904
037001

027201

Fort Wayne, Indiana

-Apertures/Spacing

3 10,10
3 0.10
3 0.10
1 -
1 —_
1 —

, 1 -
3 0.09
3 0.10

. Table 4-1 Tube History

», Facépla_te

Plain
Plain
Plain

Plain

Fiber Optics

Fiber Optics

Notes

Experimental, Pool Uniformity

" Good

Warped Dynode

Internal Filter Expérimenfs
Internal Filter Experiments
Int@rnal Filter Expefiments
Internal Filter Experiments
Good, 'AUsed in Operation

Good, Backup, made from 056902
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5.0 FLIGHT TEST EVALUATION
ITT Aerospace/Optical Divlsion, Fort Wayne, Indiané has recently completed the air;
craft flight testing of a Multi-Spectral Image Dissector Camera. This program, sponsored .'_
by NASA, was dii'ectéd toward the requirements of the Earth Re‘s.ources program. It shows
great prolnise of fulﬁlling the objectivé of generé.ting spectral data simulténeously_in three
color bands, -extending from the blue to the nearlnfrared. .The data is produced'_in a manner
that permits rapid production 6f colorv separation imagery, registered .éolor imagery, ahd
analog Signal data. |
The Multi-Spectral Image Dissector Camera System consists of an airborne camera
unit, 1) an airborne magnetic tape recorder, @) magnetic tape reproducer, @) and high resolu-
'ti(;n color frame recorder. (1)_ An ITT strip film recdrder was also used to generate continu-
ous color separation films of each flight from which areas were selected for high resolution
copy. This l:ombination of equipment has been used to generate the imagery shown in
- Figures 5-1 through 5-9. The camera unit is shown in Figure 1-1. The ground station film
-recorder unit is shown in Figure 1-2. |
Characteristics of the MSIDC are given in Table 5-1. The characteristics of the air-
craft flights are given in Table 5~2. A block diagram of the system is given in Figure 5-10.

A more detailed description is given in later sections. Significant and useful techniques are

(1) NASA Property (NAS5-11617)
2) Property of U.S. Air Force

Fort Wayne, Indiana
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described that reduced the effects of aircraft motion, aid location of a given area, and assist

the operator in reproducing imagery.

Fort Wayne, Indiana
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- COMPOSITE COLOR IMAGE, MARYLAND -
The output from the multiéspectral camera is a conti':;mous stream of video signals
from ’each of three apex_'tures that samble different pqrtions of tﬁe optical spectrum. One
of the unique features of the MSIDC is the unbroken feature of this imagery, as captured on
" the thfee paraliel trabks of thg on-board instrumenfation tape recprde'r. Regonstruction of -
the scene .is'd'emonstrated‘ in the scehe of Figure 5-1. This picture takén from apprqximately
25,060 feet altitude is of f.he couni:ryside from near Generals Highway,. Eath to Moﬁnﬁain
Point, and Sandy Poinf. State Park on the Chesapeaké Bay. The scehe covers a strip 13
miles long and about 3 miles vﬁde. The imagery is typical of near infrared film photogré.phy,
made possible_by the use of the S25 photocathode of thev ima.ge dissector. One ﬂight of the
aircraft may iast up to 60 minutes, (limited by tape recorder capacity), providing a strip of
imagei'y as much as 400 miles long.. The operation of the recorder ig undef pilot qontrol,

permitting selection of areas to be recorded.

Fort Wayne, Indiana
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- COLOR SEPARATION IMAGERY, RUSHFORD RESERVOIR -

The output frofn each selective aperture of the MSIDQ may be printed as color
separation images. Figures 5-2, 5-3 and 5-4, are of Rushfgrd Reservoir Area, New York
State. These were taken from an altitude of 50,000 feet on iune 28, 1972. The differené_es
“in vegetation, urban areas, 'ahd roads’ are highlighted in the tihr'ee spectral bands used.
Figure 5-2 was reproduced from light filtered through i;he 480 to 585 nanome_ter transmission
.band; Figure 5-3 is the imagery from 585-685 nanometers, which is the norx.nal. red part
éf the visual spectrum. In Figure 5-4, we have allowed light from a narrow band beyond
the visible, 715-775 nanometers, fo be filtered to the sensing aperture. Here we definitely
see the high reﬁectance of living vegetation and the sharp coritrasf to water bodies. 'Th'i_s
channel is especially uséful for geographic study based on rivers, lakes and vegetation -

boundaries.

Fort Wayne, Indiana



Figure 5-2. Color Separation - N.Y. 480 to 585 NM
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585 to 685 NM

Color Separation - N.Y.

Figure 5-3.
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Figure 5-4. Color Separation N.Y.

Photo Ne. 72-9-0094

715 to 775 NM
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' COLOR SEPARATION AND COMPOSITE IMAGERY,
WASHINGTON BE-LTWAY
In these picturés, taken in June 1972, from approximﬁtely 25,000 feet over the
intersection bf Rt. | 495 (Waéﬁington Beltway) and Rt. 95 (Washington—Baltihmre Parkway)
‘we see a region of heavy urbanization with some vegetation -é_nd 'GreeAnbelt Lake. The color
separation images (Figures 5-5, 5-6, 5-7) are in the same sequence as befofe. In addition
we have expanded 6ne image, Figure 5-8, to demonstrate the high resolution of the systern.
It m.ﬁy be noted that objects of a 4 foot cross section are detected in this photo. The camera
has a resolution_ of 3000 TV Linés which is only slightly degraded‘.in the recording and repro-
' dﬁcing.brocess. .
| Figure 5-9is a corﬁpos’ite cdlor image from the three coior separatidn channels.
This is a direct color recording process using a frame annotation system on the tape recorder
and sequential colof redordlng directly from the tape record to a color film. The.imsz.tge‘

demonstrates the high degree of resolution and registration inherent in the MSIDC principle.

Fort-Wayne, Indiana
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Figure 5-5. Color Separation - D.C. 480 to 585 NM
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Figure 5-6. Color Separation - D.C. 585 to 685 NM
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Figure 5-7.
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Figure 5-8. Expanded Color Separation - D.C. 585 to 685 NM




Figure 5-9. Composite Color - D.C. - Greenbelt
Photo No. 72-8-0006
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MULTI-SPECTRAL CAMERA

The MSIDC is shown in Figure 1-1 on a laboratory tgst stand prior to flight. In
the laboratory the system line scans a moving test pattérn... The single camera and optics
és shown are capablé of generating the three simultaneous color outputs. Ixi the flight
configuration ‘an-inertial gyro unit is added to the system, prbviding a roll ‘compensation
Signal that is instantanedus'ly. applied to the magnetic scan of the camera. The flight
_imagés show the success of this compensatioﬁ, where roads are shown to be undistorted,
~ while the effect of roll can be detected by slightly wavering lines caused by dirt that may

have been trapped at the tube;filter interface.

Fort Wayne, indiana

5-15



uogeredp SUIOQI1Y J0j WSISAS [BI30edS-UNN “01-G oangig

3QYODT
W1id
dlyls

y_moy_OUmm
Wild
4017102

IOYLNOD
1071d

¥30NQAO¥4TY
3dv1

¥IMOd

24Vl OWW
pogfpe— |
| | mmcm“mwmg < | vaawvd
OL/NE]  son =1 "9
. : ot ———
LINN
O¥AD

104

V43IWVD

¥IMOd

O¥AO

1104

5-16

SININOdWOD
¥3IN3D ANNO¥O

SININOJIWOD

WILSAS INYORIY



BRI

- COLOR FILM RECORDER -

Data from the camera or the magnetic tape recorder is reprodﬁced in the unit showh
in Figure 1-2. Making use of the frame annotation recorded 1'Von the tape, the high resblqtion
CRT ﬁrét fecc)rds a frame of imaéery frorﬁ oﬁe color by line,_ sca.nningr through an approbriate
~ color filter ‘to a moving film holder. For composite color imageé, the tape is replayed, the
frame starf signa1 detected, . and the data .fro_m the vsecond channel applied to a line scan ;md
a Secqnd color filter. This is repeated for the third color, pex;mit;ting regisbered im,ageé to
be recordéd .o'n Polocolor film, Ektachrome, Ektacolor ér other film as desired.‘
| This recorder is limited to making reproductions of segments of the recorded imagery,
but has been very ‘successfﬁl in demonstrating the registration charécteristics and quality of
the imagery. As shown in Figure 5-1, the succéssi_ve images may be combined to reproduce

a continuous strip of a selected area.

Fort Waynae, Indiana
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The program sponsored by NASA begari in 1968. The ﬁret laberatory genereted color
imagery Was shown in late 1970, Flight: tests by the 'US-AF, Rmne Air Development Center, |
weré conducted in March and June 1972. The USAF brovideé a high altitude aircraft and
- crew. ITT activity was funded by NASA. o |

Recegnizing that the ‘s&steni tested -was only intended to be a laboratory evaluation
model, the performance under flight conditions was both‘ an evaluation e.nd a learnieg experi-
ence. From this eXperier_;_ce we are able to relate resﬁlts with initial goals.

| ‘The Image Dissector sensor and the apbroach to color separation are ,pi'actical and
_ reliable conce'pts,“ that may be applied to operational systeme.

The .sensor resolution hes been defnonstrated in laboratory and field tests to be
capable of 3000 line image generation; |

The seneitivity of the system agrees with the calculations of input flux, optical
.degradation by the lens and filters, and the operating parameters of the system. This now
permits extension of the concept to other airborne and space applications with a high degree
of confidence and the ability to relate proposed system quality to that of actual experience.

The registration of color imagery to an eccuracy of 0.05% on direct reproduction
of imagery from the camera has been demonstrated by lab tests and >appears to be occukx.'ring »
in the reproduction Qf flight imagery. This is very significant in that no computer processing,
image matching or oﬁher eophisticated techniques are requifed to reproduce the .data. This
infers that high quality color imagery may be printed in real time from an aircraft or

satellite operation.
Fort Wayne, Indiana
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The ability to adapt camera pa’;fameters to aircraﬁ:'v@lbcity and altitude conditions -

h‘asr been proven by flights under vérious conditions. The coijltrol for thése adj.ustments were
' ,setvmanually before flight, but could be. pilot opér_atéd, remqfé:e_ly commanded, or aut@ati-—
| célly set. o |
The ability of on-board sensors to detect aircraft roli was demonstrated and the . |
ability to introduée the roll co'rrection‘directly into the scan system of the‘ camera was
demonstrated. Although not required in a high stability satellite, this method could be
adapted to a low stability satéllite, and is a definite advantage in the .airborne operation of
the multi;;épectrai ca;fnera.
| The development of thé MSIDC to the present state has been accomplished at a
relatively ldw cost. The complete dévélopment including new tube develdpment, camera
desién and fabrication, test bed constructioAn, colbr film recording unit, and all ﬂight
" integration and support have been completed for less than $500, 000.  | |
From the success of the pr‘ogrém it is evidént that the system has met the require-
menfs of the original goals, and that the system has proven itself in a near opefational
environment. We recommend that this system be considered a candidate for satellite and

aerial observation.

Fort Wayne, {ndiana
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Table 5-1. MSIDC Characteristics

Camera Unit:
Optics
) Spectral Filters
Spectral Response (Filter Only)

Spectral Response (Tube & Filter)

Sensor Tube

Resolution, Limiting

Scan Rate, Swath Direction

Vertical Scan (Track)
Camera Video Bandwidth
Timing Control

Focus

Output Signals

Fort Wayne, {ndiana’

100mm, £/0.95, Bendix Model 502

Deposited, jnterference type (Laser Energy, Inc.)
495-585 nanometers ' :
580-700 :

725-950
495-585 nanometers
585-685
715-775

ITT F-4082, S/N 037001

S25 Photocathode

Fiber Optic Faceplate

Three apertures, 15 micrometer dia.,
0.083 inches apart

Separate electron multipliers

Magnetic Deflection

Magnetic Focus

Greater than 3000 TV Lines

4 to 140 scans per second, with automatic
roll compensation

None

0 to 250 KHz

Crystal Oscillator, 24.25 MHz
Second Loop with Dynamic. Focus
Red Video, analdg

Green Video, analog

Blue Video, analog

Continuous clock pulses with sync and
frame number amplitude coded
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Table 5-1. MSIDC Characteristics (Continued)

" Roll Detection ' Vertical VRa:t‘.;e Gyro, Honeywell
Pitch Detection T Vertical Rai;e Gyro, Honeywell
Pitch Sighal Insertion - Calibrated DC offset in vertical

(Not used in present tests)

Camera Unit 'Cdmponents

Camera less Lens . 9x9x18inches
' 45 pounds
Lens , _ ' 6 in.‘dia. by 6 in. long
C : 9 pounds
~ Camera Control Unit : 9 x 18 x 10 inches
' 35 pounds
Gyro Assembly ' 2 x 2 x 5 inches
: ~ 1 pound
Gyro Power Unit - 2x3x9 inches
4 pounds
Gyro Control ’ | 2x3x6
T 1 pound
Total System Weight 95 pounds
Total System Power 1.3 Amps., 115V, 60/400 Cy.

Tape Recorder Unit (USAF Property)

Model ‘ 3M model 110
Tape 7 track, 1 inch, 9200 ft. long
Tape Speed 60 inches per second

Fort Wayne, Indiana
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‘Table 3-1. MSIDC Characteristics (Qghtinued)

‘Time/ reel 1 hour

" Recording Method e | FM, DC to :1500 KHz

Size ‘ | 12-1/2 x 17-1/2 x 21 inches
Weighf . ' | 100 pounds *

Power o 500 VA
Tape Reproducér (U SAF Property) | |
Model ' : " . CDC Model VR3600
Strip Film Recorder (ITT Property)
Kinescope Line Scan High Resolution CRT

Recorder 35mm strip film camera
DC speed control

Output 35mm T'ri-X“ Monochrome Film
One half hour flight time on one film strip

Color Film Reproducer (NASA Property)

Kinescope o Line Scan High Resolution CRT
Recorder | Polaroid Film Pack .

Digital Driven Vertical Position
Color Sepération, Electrical Vertical Line Separation
Color Separation, Optical o Strip Gelatin Filters
Resolution,  Limiting : Over 4000 TV Lines

Fort Wayne, indiana
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Table 5-2. Aircraft Flight Test Conditions

(Typical) ' ¥

Altitude S 50,000 feet
Velocity . . 300 Knots
swath Width - ) - 20,@0 Feet
System Resolution

IFOV | ' | 150 microradiaﬁs

Limiting ' . " 120 microradians
Ground Resolution 6.7 feet per element

13 feet per line pair (GRD)

Camefa Scan Rate : 70 scans per second

Fort Wayne, indlana
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5.1 System Operation

The camera is oriented in the aircraft so that the scan is at right angles to the
dfrection of flight. The scan fate is chosen so thét a scan xs generated each time the aircraft
subpoint advances one resolution element on the grognd. Cointiguous scanning is thus produced.
Each of the‘three apertures, therefore, produced a continum;s strip map of the earth's surface
as seen in' a chpsen spectral band. Since the lines scanned on the photocathode by the apertures
are displaced from one another, the lines scanne.d on the scene will be displaced a proportional
amount. This diéplacement is along the line of flight, causing a line on the eérth scanned by
one épefture to be scanned by the second aperture a given time interval later and by the third
| apefture é similar period after that. This spatial displagement must be compensated for in
order to place the three pictures .in Ifegistration. |

The method used to correct the registration of data is dependent on the technique to
be used in analyzing the déta. For example, if data is accumulated and stored in the form of
three separate transparencies, registration can be obtained by simply offsetting the trans-
parencies one from another by a pré-determined number of scan lines. If a composite color
picture is to be produced, registration is achieved by line scanning a CRT equipped with strip
color filters (properly separated to match ape rture separation in lthe camera) and using a time-
shared single beam. The method used in our ground station recordér requires the film to be
passed in front of the CRT three times to add the. color components to a film. A future method

could use a three beam CRT.

Fort Wayne, indiana

5-24



JOEE

" Roll of the aircraft is compensated in the camera assembly, reducing registration

errors due to this component of aircraft motion to a very loW; level. A vertical gyro senses
the aircraft roll. Its output is fed into the deﬂection'ampliﬁér in the correct sense and ratio
to exactly co_imter the roll. In the aircraft flights to date thig has performed very success=

fully. In a spacecraft stabilized to 0.01°/ sec. roll there is no need for such correction.

5.2 Sensor Characteristics

The sensor used in this camera is a modiﬁcétion of the standard ITT F4052.

The modification of the F4052 from the single aperture to the thrée aperture configu-
ration has not resul_ted in any degradatibn in tube performance. In'the. line scan mode, nearly -
the whole 1.75 inch photocathode diameter can be used. The resolution obtainable is 3500 TV
lines at 25 percent.. The response of the S25 photocathode»is shown in Figure 3-3. While the
S-25 does not have i:he peék "blue! sensitivity of the S-11 or the 5-20's, its superiAority at
increased wavelengths is obvious. Furthe_r, it surpasses the S-1 out to beyond 900 nm. From
the standpoint of spectral response, the S-25 is clearly the best photocathode for the earth
resources application and highlights the presence of man-made features among natural
vegetation. The imagery of Section I shows the characteristics of this response.

Figure 5-11 illustrates the actual conditions és present in the MSIDC flight program.
From this we see that the results are far from ideal, resulting in transmission bandwidths
much less than the desired goal. The half émplitud_e sensitivity frequencies therefore result

in spectral bandwidths of 495 to 585 nanometers, 585 to 685 nanometers and 715 to

Fort Wayne, indiana
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775 nanometers. The red spectrum is still beyond visible and highlights vegetation, but

does not have the amplitude nor bandwidth 'that _might_; have resulted from a fully capable
sensor tube.

5.2.1 Data Processing

The signal level output from each camera channel is ;et to a normalized level by
photometrié calibration from a white target. An eléc_trical gréy'scale signal is then inserted
during each iine scan t6 maintain calibfation for faithful reproduction. Three tracks of the - |
fape‘ reco‘rder therefore contain composite video, black level reference, and a four shade
grey scale. A foﬁrth channel records a digital cl_ock signal from the camera, from which
line scan rate, deflection and. all timing functions are defived. A pulse amplitude code at
thé beginning of eaéh line assﬁres line synchronization, and a frame number code at-the
beginning of _éach iine identifies the time of event. This frame code changes every 2048
" lines, providing a key to the generai:ion of synchronized images of a chosen segment of the
record. The reproducer has the ability to recognize any chosen frame for thé beg‘;nning
of a film recording sequence. Once physical and electrical alignments are complete, no

further signal processing is required to reproduce an image from a norma_l flight.

Fort Wayne, | ndiana
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5.3 System Results

A goal of approximately 3000 TV Lines per diameter:;fwas set to match ﬁhe fequirenients
for 200 foot elemental resolution from the ERTS spacecré.ft (496 n mile altitude and 100 n mile
swath width). The laboratory tests have shown this to be aci;ieved frpm test pattern input.
ReSoluti‘on of Air Force Bar Targets of high con.trast‘indicat; 25% MTF at 3200 TV lines. In

g order_ to achieve thié resolution we have included a special design of deflection coil and focus
coil that shape the fields for uniformity, made use of seéond loop focus, and havé selected a
15 micrometer aperture. The tube faceplate is madé of fiber optics of 5 micrometer diameter,

| contributing very little degradation to the image. The inclusion of deposited color filtérs in
the optical path causes some dispersion and contr;butes to degradation, and the optical
quélities of the lens both on axis and off axis contribute to the resolution characterisf:ic. In -

* a future operational system it is poSsiblé to improve each of these factors slightly and regain

some of the quality inherent in the pickup tube falqne."

5.3.1 Sensitivity

The output fiim image is the result of the quality factors of the complete sy.stem.‘

From the scene we collect energy at high efficiency with a large aperture lens (T/ 1). Added

loss in the fiber optic faceplate, and accelerating screen of the tube reduce the collected |
energy to less l?ha.n .30% of that available to an ideal system. Even with these losses, the

signal from the tube is well above amplifier noise and remains limited only by the random

noise of the signal electrons. Characteristically, the camera scans at a rate of approximately

Fort Wayne, Indiana
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70 scans per sécond. From a normal ground scene of 3000 fpot 1a:mber£s (about that shown

ih ﬁgures 5-1to 5-8) the system has a potential signal-to-néise ratio in each channel of

20:1 orA26 db in the highlights. Signal-to-noise' ratio of the ¢amera in each channel is
approximately 12.2, 12.2, and 6, mostly as a result of the tube spectral losses. Unfortunately,
the pictures displayed were taken from a tape recorder and i?'eproducer combination @ich do
not have a vefy low noise ﬁgure, resulting in system signal-z'to-hoise ratios of 9, 12, and 6.

A self-test system is included in the camera unit; where a referénce sighél of a kﬁown
—amplitude is inserted in the output at ‘the beginning of every line, and a four level grey scale
pattern is inserted in the video to check the system.

An effect notéd in the imagery of Figures 5-1 to 5-7, is the shading_.of the image from
edge to edge. Much of this is contributed by the lens, which was designed for a smaller imége
plane than the 1.75 inches of photocathode being used. Some shading is contributed by the
tube photocathode as the result of physivcal damage that occurred in shipment of the system.
Rough handling of the cameravcaused t;he accelerating screen to be dislodged. Because of
a short repair time before the next flight, it was repaired by laser welding which cont.ami—
nated the surface in the area of the weld. This is most notable in the red sensitivity loss
at one side.

‘A wider angle lens and a new tube would make the. picture very uniform, equivalent

~ to that of a photographic system.

Fort Wayne, |ndiana
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5.3.2 Stability

The ability of a flight camera to operate over a long tfxine period at various altitudes
and temperatures, yet maintain éptical and electrical focus, and not change in scan rate, ,'
sensitivity or other factors is demonstrated in thisv system. The camera and tape recorder
poWer were turned on before the aircré.t‘t took off. The only control during flight was the stop
and start of the tape motion system for recording or not récording. éﬁter filling the tape
(approximately 60 minutes ﬂight) the pilot returned to base where the equipnient 'Was turned off.

.’ Contributing to this ‘stability were many vh‘ours of design and test of highly stable focus
current regulators, deflection amplifiers, and power supplies. The image section power supply |
operates 'from its own régulai:or that is‘floated in voltage above the regwﬂated dynode volfage |
supply. Circuit voltage supplies were selected for high stability as well. Thé reliabiiity '
and stability of i:he system is demonstrated by returning to optical _spots tov an acéuracy of one
part in 6,144,

5.3.3 Scan Control

" The mtxltié-Speci_:ral camera operates from a basic digital clock from which all
synchronizing and écan signals are derived. - A selection of divisor elements permits a choice
of scan repetition times from as low as 4 scans per second to 100 scans per second. Each
scan is made up of 6144 elements, with a digitai to analog conversion before the final lampliﬁer
that controls the deflection current. A feedback current signal is comparedl to the input signal
to insure linearity of scan position. The linearivty of scan is within 0.02% with this type of

control.
Fort Wayné, Indiana
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The oﬁtputi of the camera includes three lines of video and one line of clock signal.

The clock liné is'é .d_igital string at the elemental scan rate. :.At the beginning of each scan the
amPl'itude I.S increased 50% for a string of 16 elements, whicii can be recognized as line sync.
In a_ddition, at the end of every 2048 scan lihes a separate di;g;ital code is inserted that indicates
a fréine number. This number is detected in the film recorc;er and displayed on a numerical
display. A preset counter on the display may be set to select any frame number such that the
'beginning of that frame will trigger the film reproducer mechanism, making a copy of that
particular frame of imagery.

5.3.4 Color Registration

Controls are included in the film recorder unit that providev alignment of the signals
coming from the camera. Electrical adjustments to compensate for differences of aperture
sepai'ation, horizontal offset and differing distortion from side to side are provided. Since the
CRT system is set up electrically, all of these features can be included. Again, using the
digital baseline, the vertical separation of scans related to the three colors can be adjusted
precisely for the camera in use. Static offset horizonfally can be set also.' In addition we
provide dynamic control of the vertical position along each of the three scan linés to compén-
sate for geometric. distortions in the camera. The result is a stable alignment that permits
duplication_of imagery over a long period of time with no need for réalignment. The output
pibtures ére excellent in thisvrespect. Test imagery has shown that the combination of optical

chroma and misalignment contributes léss than one element of edge effects at the sides of

Fort Wayne, Indiana

5-31



JOCTE

‘the image. Since the system is horizontally symmetrical and all motion vertical is related to

film motion only, there is no change of alignment or quality in the vertical direction.

5.3.5 Color Film: Reproduction

| Selecti.on of a reproduction process was determined by the need_for flexibility in scan.
- control, | position control, selection of color ﬁlters, the use éf convenient output film types and
'high quéiity. Our use of a higﬁ resolution single gun CRT has proven effective. The line scan
on the CRT is positioned verticallj for each of the color inputs. This offset, when‘coup.led to
the filrﬁ, compensates for the aperﬁxre separation, permitting direct reproduction on a Pola-
color 6r Ektrachrome ﬁlm. The output from a tape track is fed to the CRT, ;;vhich scans the
appropriate positiqn on the tube face. The CRT output_is optically coﬁpled to a film plane
where the film holder is in a vertical mount. This mount is driven by a high accuracy Ball
screw from a stépping rﬂotor. Advancemert of the stepping motor is controlled by the derived
clock signa_l that was reéorded WLth the video. After recording an imag'e from the red chénnel
the carriage is retﬁrned to the initial position to within one elem.ental position, then the second
color imposed on the film. After the third color is recorded, the film may be removed and
proce.ssed ‘normally_. :

"Adjustment of the output position for eaqh color channel is perfqrmed when the aircraft

has flown with a yaw (crab). This required a controlled offset of the scans during the film
i'eproductioh process. If a yaw senéoi' were available on the aircraft this could be recorded

and used to automatically correct the copy process.

* Fort Wavﬁe, Indiana
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" One limitation of the film reproducing sySterh is its dependence on individual frames

- of imagery. In order to record a full strip of imagery that relates to the total flight of the
- aircraft we make use of a separate, lower quality CRT line écan recorder that has a strip film

_ (35 mm) attachment. This is a convenience in that >a total strip will permit selection of areas

of interest for high resolition or color recordihg.

Fort Wayne, indiana
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